Orthostasis means standing upright. One speaks of "orthostatic intolerance" (OI) when signs, such as hypotension, and symptoms, such as lightheadedness, occur when upright and are relieved by recumbence. The experience of transient mild OI is part of daily life. "Initial orthostatic hypotension" on rapid standing is a normal form of OI. However, other people experience OI that seriously interfere with quality of life. These include episodic acute OI, in the form of postural vasovagal faint, and chronic OI, in the form of postural tachycardia syndrome.
Introduction. What is Orthostatic Intolerance?
The overall purpose of this review is to discuss orthostatic intolerance in young people, and how it relates to the autonomic nervous system. Orthostasis simply means "standing up". Thus "orthostatic intolerance" is defined by the inability to remain upright and is often erroneously designated "orthostasis". More specifically, orthostatic intolerance (OI) can be defined by the inability to remain upright relieved by recumbence [1] .
OI is related to deviations from optimum regulation of heart rate, blood pressure, and cerebral blood flow that make remaining upright impossible. Environmental factors which promote OI (e.g. hot climate, dehydration) and the ubiquity of many forms of OI in the general population (simple faint, initial orthostatic hypotension) make some forms of orthostatic intolerance the result of over-taxed control systems, rather than disease per se. Thus, for example, any person can be made to suffer a simple faint given sufficient provocation [2] ; therefore, should vasovagal syncope be regarded as an illness? The answer is perhaps yes if it importantly impairs the quality of life.
I will discuss sympathetic and parasympathetic contributions to mechanisms of orthostatic tolerance within a wider context of vascular control mechanisms that impact on the regulation of heart rate, blood pressure, and cerebral blood flow. Many of these modulate sympathetic activity. I will expand on the definition of orthostatic intolerance, then discuss orthostatic regulation as it pertains to the normal response to orthostasis and as it relates to sympathetic and parasympathetic activity. I will briefly review the measurement of OI in the laboratory and in real life, and then demonstrate how problems with sympathetic adrenergic vasoconstriction produce distinct forms of OI along with approaches to treatment.
More on Orthostatic Tolerance and Intolerance
The inability to remain upright can be defined subjectively in terms of patient symptoms alone or more objectively by the combination of signs and medically associated symptoms. Typical signs and symptoms include loss of consciousness or less severe cognitive deficits such as lightheadedness and dizziness, as well as vertigo, pallor, visual difficulties or scotomata, fatigue, tachycardia, bradycardia, hypotension and sometimes hypertension, headache, weakness, abdominal pain and vomiting, palpitations, anxiety, diaphoresis, tremor, and exercise intolerance which is often delayed or may occur as part of a postural syndrome [3] . Among these, signs and symptoms referable to the central nervous system such as loss of consciousness, severe dizziness and cognitive difficulties are the most common reasons given for terminating an orthostatic stressor (upright posture) and seeking recumbence. Many of the remaining signs and symptoms are directly related to increased sympathoexcitation (e.g. pallor, hypertension, headache, palpitations, anxiety, diaphoresis, tremor), vagal withdrawal (e.g. tachycardia, abdominal pain and vomiting), or vagotonia (bradycardia during vasovagal syncope). The capability of assessing cerebral blood flow along with measurements of beat to beat heart rate and blood pressure facilitates the separation of spurious OI, or psychogenic syncope, from bona fide physiological impairments because reduced cerebral blood flow is a common feature in all forms of physiological OI but not in psychogenic syndromes. Representative reduced perfusion of the brain [4, 5] is shown in Figure 1 for two common forms of OI, vasovagal syncope (simple faint) and postural tachycardia syndrome (POTS). Cerebral blood flow may be related directly to hypotension [6, 7] , but not always [8, 9] . Because cerebral blood flow (CBF) is autoregulated [10, 11] , CBF ought to remain stable within a range of cerebral perfusion pressures. However, impaired autoregulation results in decreased CBF which becomes directly dependent on perfusion pressure [4, 5] . Thus, swings in blood pressure cause swings in CBF and any fall in BP contributes excessively to decreased CBF and impaired brain blood flow. That being said, virtually all people experience some degree of episodic mild OI during their lives, if only transiently during intercurrent illnesses or with dehydration [12] ; occasional vasovagal syncope is extraordinarily common [13] .
Normal Stressors and the Autonomic Regulatory Framework I will now back up a bit to explain the phenomenology and physiology of orthostatic stress, AKA "orthostasis". Standing upright and exercise comprise the most common physical stressors of daily life and "demand the full capabilities of the reflexes that govern cardiovascular function" [[14] ] They therefore depend on intact arterial and venous vascular structure, intact vasomotor control, and sufficient blood volume and oxygen carrying capacity. However, foremost among compensatory mechanisms are the skeletal muscle pump and the respiratory-abdominal muscle pump [15, 16] . These form the bases for a variety of physical orthostatic countermaneuvers which we will talk about later [17, 18] . The compensatory responses to orthostasis are diverse and overlapping -thus mildly reduced blood volume or reduced vasoconstrictive capabilities are often well tolerated.
While neurohumoral vascular mediators have importance especially in a modulatory capacity, they are relatively slow to develop and therefore rarely directly determine initial responses to orthostatic stress [19] . Rapid cardiovascular adjustments depend on the autonomic nervous system (ANS), although the myogenic response [20] and local flow dependent mechanisms [21] may have a similar time course. Nevertheless, the ANS forms the framework for rapid circulatory adjustments resulting in changes in heart rate, arterial vasoconstriction, venoconstriction, adrenal secretion, renovascular adjustments and cardiac contractility in order to maintain blood pressure. Within the systemic circulation the parasympathetic nervous system via vagal nerve efferents contributes most to heart rate changes at rates less than the intrinsic rate [22] , although recent work indicates strong vagal influences on sympathoexcitation [23] . In addition recent data suggest that parasympathetic ganglia have important effects on nitrergic (nitric oxide
[NO] within nerves) vasodilation of the large cerebral arteries [24] .
Rapid autonomic adjustments also depend on local environmental biochemistry produced by slower endocrine, and local regulatory mechanisms. These more slowly affect the vasculature in response to changes in posture. However, during more chronic changes they can modulate autonomic function and vascular tone. Thus, tonically altered nitric oxide and angiotensin-II act at central nervous system [25] and peripheral vascular [26] levels to alter the response to adrenergic vasoconstriction. While parasympathetic control of heart rate plays an important role in the beat to beat maintenance of blood pressure, the sympathetic nervous system and its primary vascular neurotransmitter norepinephrine [27] , and co-transmitters neuropeptides Y and ATP [26] are of paramount importance. Autonomic control of heart rate and blood pressure during orthostasis is provided by regulatory subsystems designated "baroreflexes" whose primary concern is the maintenance of BP under changing conditions. These are loosely grouped into arterial and cardiopulmonary baroreflexes, which interact with potent mechanoreceptor and chemoreceptor networks to maintain blood pressure during orthostasis.
Why do we need these control mechanisms? The Normal Orthostatic Response Standing up decreases venous return to the heart and shifts a large fraction of central blood volume, in excess of 500 ml in the adult human, to the dependent body partsi.e. those below the hemostatic indifference point located roughly at the diaphragm [28] .
Initial Orthostatic Hypotension
There is an initial transient fall in blood pressure shortly after standing up shown in Figure 5 ). Excessive tachycardia in adults is defined by an upright increase in HR exceeding 30bpm or to a heart rate exceeding 120bpm. Recall that the normal HR response to orthostasis is an increase in HR while the autonomic failure patient often has no significant increase in HR when upright.
Larger heart rate increments are observed in the young with POTS [68] which is important to know in avoiding over diagnosis. Symptoms must be concurrent with the excessive tachycardia. No symptoms, no POTS. Tachycardia and concurrent symptoms are very often observed during extremely prolonged orthostatic testing which are therefore to be avoided if the specific diagnosis of POTS is to be made. POTS has often been divided into subgroups designated "neuropathic POTS", in which it is assumed that partial sympathetic denervation or adrenergic hypoactivity is present, and "hyperadrenergic POTS", in which upright adrenergic overactivity dominates the picture.
Neuropathic POTS
As originally described, neuropathic POTS is caused by decreased sympathetic Therapy for neuropathic POTS includes general supportive measures such as physical countermaneuvers, increased salt and water intake and exercise (see below).
Pharmacotherapy has focused on improving sympathetic vasoconstriction which unfortunately uses medications with widespread systemic effects. Midodrine, an alpha-1 adrenergic agonist, can be helpful and has few side effects apart from piloerection [75] .
Droxidopa is in trials outside the USA and has great expectations. Mestinon (pyridostigmine) [76] an acetylcholinesterase inhibitor, alone or in combination with midodrine, can be very helpful through its potentiation of cholinergic ganglionic nerve activity and through its muscarinic effects. (isometric hand grip) [15, 39, 17] . Generally enhanced salt and water intake is encouraged and has shown some efficacy in small studies employing very large amounts of salt loading [121] . Rapid water ingestion offers an effective palliative effect. shown to improve with pacemaker insertion [126] . Work into the fundamental molecular physiology of fainting is on-going in our laboratory and in others. Our hope is to determine specific therapy based upon specific pathophysiology.
Hyperadrenergic POTS
We have only considered well-known forms of orthostatic intolerance. It is entirely likely that there are other forms that are not well described will emerge.
Expert Commentary
Orthostatic intolerance (OI) is very common. Except for forms of autonomic failure with true neurogenic orthostatic hypotension or postural fainting while in harms way (accidents) OI is not life threatening. Autonomic regulation is usually abnormal or maladaptive in disorders of orthostatic tolerance and often relate to suboptimal sympathetic adrenergic function. Mild OI, especially initial orthostatic intolerance, is universal and rarely harmful. Other forms of OI can seriously impact on quality of life.
True neurogenic orthostatic hypotension, which can signal the presence of potential life threatening autonomic failure, has only recently been unequivocally defined by consensus and simple testing devised. Postural vasovagal faint and postural tachycardia syndrome are two well-described common forms of orthostatic intolerance.
The ability of simple non-pharmaceutical measures of physical countermaneuvers and rapid water ingestion to aid in improving OI must be emphasized.
Five-year view
The mechanisms of chronic and acute orthostatic intolerance are incompletely understood. This even includes simple postural faint which had been treated for years by practitioners with drugs with placebo effects only. Placebo therapy might be helpful if unorthodox. Treatments are therefore often non-specific. However, several investigations hold promise for specific therapy targeting specific mechanisms of orthostatic intolerance.
Key Issues
• Orthostasis means standing up.
• Orthostatic intolerance (OI) is defined by signs and symptoms that make remaining upright impossible and improve when lying down
• Initial Orthostatic Intolerance is a normal, common, short lived form of OI in the young. It is the most common form of OI in the young.
• Physical Countermeasures and rapid water ingestion can improve most forms of OI 
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